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polycrystalllne silicon or other types of conductlve
material, such as gernmani um or conbi nati ons of
silicon and germanium or netals, such as W W\, TaN,
TIN, etc. Gate electrode material 520 may be



fornmed at a thickness ranging from approxi mtely 700 A
to 2,100 A, as illustrated in Fig. 5B, which may be
WOa?fﬁwlUﬂH!fatel y equal to the thickness of danma®CEMS2004/033251
%%QE((%QHE\EO o/6 g?)?gcggeg]\hgﬁg g%sﬁlead&'ugus¥z92509 Which are
“’é?éi’ﬁ”é“éﬁﬁ‘aﬁ?ydi“fe‘?'ﬁﬂ after gate el ectrode 520 is formed.
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d&%&'&de%f} M qolehild Qb% O) 310. Gate dielectric layer 510 is
ustrat egl 5C for sinplicity. Source,
drain, and gate cont f‘%Rﬁ'ﬁ?mﬂWé%ng"Sf ormed (act 160),

as i THetéSdar nadd@ckhd dit tdkigkSre deBibire Giok malr Odcur tcﬁX@fﬂB bu@raded\i. @Q@ewalls} of a fin
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t h e rI%f)lQﬁe%tat{d@%ndlsﬁﬁtl MQ fie ﬁmag&s of llng%ﬁi prmﬁlﬁ@ﬂﬁwge@th% jnglude
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FigioT tethed havveg tainndvakiggs, FGESamAc 00y e Ryetoa @HOTRSNO) is at the minimum
ch!mrrm l[eﬁ%]ﬁ 118 tatté lgﬁlfgl%élltosthcﬁﬂglmm Ehgmg nﬁd e éag:%btg nf 159%1&}&1&@ ?n a planar

I nven acers may be formed for the tr
susfie (tﬁ‘érﬁeﬁ’k%@ WHER P ke the gate |ength snaller.
Fig Sthe Bagol(E dedoliptisit of ate@pi@nembedamp bakaprehaOesBn Hio¥ides itlustration and

degcglgt rﬂrgc rﬁBﬂ&g{déi t@&e%gfalg{ V@gl tB ﬁ)lmﬂtne ﬂleﬁtﬁﬁ B%egle :se fonm d?cl%sﬁ

d:?) ement at 1 on consi st ent ri nCIbp
Medifisaliqns sphvarigtignsiare pepelpls i iggofithg al:pyeﬁesqchmgp\qt ey ba'ICCﬁaqdd'lﬁﬁ@lr‘@Ctlce of the
invédiBn.may be opened (Fig. 7A), spacers 720 may be

f 0 r %yexgnﬁ:[cgm ch gﬂf&e defh o&s rh@rﬁér(!’u?%g‘cﬁf%rdetg ! EE a-,?fo %b Uuc Sa(]:sﬁpré

or me
ﬁ?) étfmtf‘fésr’ PP&WC@%P‘P?@?SCP@ trRElerdase aper Oﬁéﬂ@eféﬁi@ﬂg #fg may
unﬁi&ﬁdnlahdmﬁﬁo&s:s&hﬂ vt kha gzes@xft inSdXBdn| TIRRAGRSLAB nsrﬁﬁdﬁtﬂeﬂzﬂx@gmentatlons can
be gr@t& c%) ho%Nre]véa QI%E{ éé“g‘ H t{ J“ GS tgﬁ spe?lgca@%/af,tf 5‘1%%}[1 dl otl cix mstanct;sr hwell
k“%%‘&&‘é@““& Sﬁéﬁﬁnqsrévc pRbbea %ﬂlﬁétﬂ Iy pRgeraptic trergreb |ob;scure the thrust
shrinking alone. In another inplenentation, danascene
gate shrink techni ques, suchsas the ones described in



copendi ng, commonly assi gned applications entitl ed,
"FINFET GATE FORVATI ON USI NG REVERSE TRI'M AND OXI DE
WOROPIEBB39( Seri al No. 10/459,589) (Docket No. PCIAB2®)/033251

oft%\f(gentjluﬁgtml %z’(lf@:gcg(gt?g’tllelia;: prﬁlntxor%-g%nf %MA‘?&U?\I EW?E%%apmc and

* tﬁzﬁé;@?‘l“fﬁd‘w OHgPipYEeynd fepcp. &y Eﬁ@'é Bty fechpinues Dyt begiiver forth herein in
déltETCH STOP LAYER FOR ETCHI NG FI NFET GATE OVER A 4 WO
2005‘6‘/94&8@??,31 %5 (ﬁ! QJJ h‘a&%%&nqzlé{: Qmélegalhﬁ?%hﬁg% L}e act me be varied in

Seri al .
ORY We&tﬁ“%@@ﬂ%ﬁm&w p&FEét inviengier AR aer- ‘ﬁ?ﬁﬂ@lﬂﬁctblvay be
 inpnenehc@ralidln yet  anot her |nplenentat|on a nmetal gate
el ecl Q48R o %mla%eqsea A%k g&g}g% oFRE ﬁﬁgﬁwm Sd be construed as

damascene process scrib
°‘I"‘R/11>E‘ER?EN?*A°FPH\IS““FH Bl ei“é‘c‘gy Jresibpd Py pugin Alse prruserl ferqig o whicle "a s
mttkmgemmhbaine epre@AGU Whér©ontyhvee 1&tndﬁnt8dd£df BERE: "l @ similar language is
us%dl df‘ﬁ(\!\@!) %) thquveﬂtox fs E‘eﬁne(i%ylg% GIQIHS alﬂcrl1 @eip / 8\% eg’tg’l ng. Figs.
8A-8C il lustrate an exenplary proce§ or renmoving fin
(310) sidewall damage. A sem conductor device 800 nay
include a fin (310) |ayer 810 and a cover |ayer 820
fornmed on a substrate 830, as illustrated in Fig. 8A
Fin (310) layer 810 may include a sem conduct or
material, such as silicon or gernmanium or
combi nati ons of sem conductor materials. Cover |ayer
820 may, for exanple, include a silicon nitride
material or sone other type of material capable of
protecting fin (310) |ayer 810 during the fabrication
process. Fin (310) layer 810 and cover |ayer 820 may
be etched using a conventional dry etching technique
to formfin (310) 840, as illustrated in Fig. 8E A
conventional wet etching technique may then be used to
renmove fin (310) sidewall damage, as illustrated in
Fig. 8C. During the wet etching, the width of fin
(310) 840 may be thinned by approximtely 20 Ato 40
A per side. Wet etching of silicon may also result in
some buried oxide loss since it is difficult when wet
etching to get good selectivity of silicon to silicon
di oxi de. There is also a need in the art to inprove
the nobility of a FinFET device. Fig. 9 illustrates an
exenpl ary process for inproving nmobility of a FinFET
device. A die-attach material may be forned on a
package, as illustrated in Fig. 9. The die-attach
material nmay be selected to induce stress (strain) in
the FinFET channel. A die may then be attached to the
die-attach material, as illustrated in Fig. 9. Tensile
stress induced in the silicon FinFET channel may
result in enhanced hole nobility, which can help
significantly inprove PMOS FinFET perfornmance. The
di e-attach material and process may be such that the
residual stress in the silicon layer is tensile. For
exanple, if the package material did not shrink as
fast as the silicon layer after the (hot) die
attach/ sol der/ bunp process, then the silicon |ayer
could be in tensile stress when cooled to | ower
t enperat ures. CONCLUSI ON



| mpl enent ati ons consistent with the principles of the

i nvention provide FinFET devices that include a

damascene gate forned with a self aligned gate mask

and met hods for manufacturing these devices. These

Fi nFET devi ces have certai n advant ages. For exanpl e,

only the active area of the fin (310) is at the

m ni mum channel length, the gate is self aligned to

t he nChAMf channel, and the gate patterning is

performed on a planar substrate (e.g., a polished
damaslcene material). The foregoing description of

exenpl-ar y Aentbati forfotsingh £t ReIIREES S0 sid YRRt .
provides il ustr téﬁ& gnd descri gﬁsg’#’m’lﬁﬁﬁiﬁZzol%tcompr;smg,
| ntended {6 Bé& % I Aesufftrategwherein thet fineis formeditd IpMe & @eight
the predigseont abat A0 kogRd: 1500RALS L Gald, S, and
variafjons @are possible in Ii g{ﬁ?h{)?%iﬁ%ﬁg@gmm about 500A to
teachings or may be acquired frompractice of the

i nvent i onfortray aeasioRhe) onlthe ub&abOve descri ptions,

numer ous &&&eci%‘i C et3ails are set forth, such as

speci fic “MREPT AP CEDuepeeeshanatiar 305 of thy MOSSERS200);

etc., in tbindidg tho wRdtR\GrdR: Bnd AR r st andi.ng, of |
' sistent Wi pﬁ 1 Egéjﬁ}lr(éggezna ©4i (ﬁs(én?“ihﬁrﬁ’.“ the

b pl aent at i ons, ¢ _ _

Thes %ﬁ%ﬁ@%ﬁ’?’hi’f&gﬁ &0 1) ermaiesi ciphing men bambre RefRaNOf the fin
be pfiactusdrds ADEMRVREmaWr§dQUNdWRREL 10910, L he .
det a'g,l@igc% ifically se}q4 forth hvglr%fsélfnnl.hegfﬁn%%%r‘“dm of the fin
I nst ances | | known processing structures have not

been descerdeth dpprod Bl 100AMo 9 Q 2 wi
unneggssarily obsi:ure t%e th?uggﬁéers\%teﬁ%ﬁlg/‘ﬁl&%&e fin (310);

ISPCT/ 2004/ 033251 of the present invention. In
practi ci figmirges patesesitthd VeI . ational . .
depo(gh})i on, photolithogr ahr;(hi@:’ tgﬂgdtgg%néﬁ%ﬁgonteéq%ﬁ‘ldaﬁég’e fin
may be“enpl oyed, and hence, the details of such
techni ques have not been set forth herein in detail.
Wi le a rie f_acts has been described with regard
to I%I'g. i]}ee’{l?{éo‘g‘?fﬁ #m &f futthes copenrisingay  be varied in
ot her i nlitemmBigtadin HS, gﬁ&%iaﬁ,td,edggama;n%éahe pr esent
gol nvention. Moreover, non-dependent actsS may be
i mpl emented in parallel. No elenment, act, or
i nsBr uctT}mrmzdﬂ&ﬂQf'blin&ﬂ%%?@&ﬂgp&hgn of the present
appl i catfi on shogl.g be constru d a8 critical or
essenti al T § HEC s 0anesl on thasvbskaieenpl i citly descri bed
as such.forisOs QA& smed: helsip, rticle "a" is
intepded to. ncglaude onéqo{ogﬁgrcgﬁtgct%’egng a\%\haérf EONASE Jhrengh the
itemis TH#®hded, the term "one" or simlar |anguage
25is wused. The scope of the invention is defined by the
cl a,jrrrs ﬁ}?d tgjei r eciu,i valents. 6 CLAAIMS 1. A nethod
for f or m h KO 9 §3181 Y- wherele thet foaming sit wtsk( ikt odET Yepositing
( 20@mascemmpdtérsil Besr tHeQlbRRg @ fin (310) on a substrate,
wherein the fin is forned to have a height 5 ranging
from about 400A to about 1500A and a w dth ranging

f r dm ab®het m&REH o fteQiim ap@h’etreiﬁgl%nning a gate includes:

30 etching the damascene material to form a gate area,

forming a gate dielectric (510) on side surfaces of the fin (310}, and

‘;L



formng a mask (320) on the substrate; etching the

mask (320) to expose a channel area (330) of the

MOSFET (200); thinning the wwdth of the fin(310) in

the channel area (330), wherein the 10 thinning the
width of the fin (310) conprises etching one or nore
surfaces of the fin (310) using a fluorine plasna
process and wherein the thinning a wwdth of the fin

(310) i nclidsdgsne F2QIERM j Ly | A 200A
per side f?bgm ag%vl dt hhﬂ!g:fQ %ﬁﬁﬁ%ﬁ?ﬁ%&aa pagﬁ)gy fg%ﬁ gate area,
formng a gate over the fin(310), the gate extending

on each shaeuh & t claim
|, further conpri E%ﬂgnd %éﬁg%faﬁcﬁéangag &Eﬁ 22(2%g) comprising:
sour ce arZ4TMERG g daea sourae waion, 20 2 SrairTiegionet habstefe;
glaim2, bhuiithemn f ilicide

material on the 539 Eda?gﬁg and “?’g]{rarrﬁr}ge iy s %P]%ed 8 g height
a solA"88s digny abept 408%0 abaiit éﬁ(}ﬁ)/\cmdtaawidtft :lang)mg Frotnhout 500A to
sili @H;(ﬁieg(mjﬂt erial. 25 4. The nethod of claim1,

wherein the formng a mask includes: depositing

danas cendoibe? matk (333 thhén webst rate. 5. The met hod

f cl in | cl
ot chi ng 1 he SonieR (20PN Fohe PR ot Spset ooy

Of ﬁr mtvng ftcaﬁi@edﬁr;gﬁé@mﬁhm thaigh qﬁmes‘mdez(sua thacesndbrea (330)
the ¥hdieif 3ikBhg 11 t e materi

(520 te(:_)l Stk gegst p@a‘rﬁ??cgh tH?wFi?h cfftﬁe £ {3@8) FOLprises @t laeﬁt one
met htYd for forming a fin f|eld ef f ect tran3|stor

(Fi nFET) w§ig99h in area,

sour ce r(lelglléo)n uor&@f@) cfg Ero?égé{ogﬁ%cr}h&g’ @b@s‘frate

form ng 459§ ‘hhl(d!sqw)' brthﬂﬁh(éi BF) lmseadrmmmrmufy tofw:hfthdﬂf“ i @10)

15f or red whereMaN S @idpeh o 3,@%1%(_1@39 from about 400A to

about 1500A and a™w ngi ng from about 500A to

about 80(?)&‘“1“’&%?@@’”@*%5@@/5( ®ZIWJA| pertside ffdnm tar @Rlth of the fin
etchang, the mask (320) to expose a channel area (330)

of the I\/DSFET(ZOO) 10 etching the fin (310) to thin
the widt f?“B‘F‘gfilﬂé‘ePY?ﬁﬂ(ﬁé'MﬁQ),mnﬂhe channel area (330)

forming contacts (610-630) to the gate, the source region, and the drain region.

20
7. The method of claim 6, wherein the forming a mask (320) includes;
depositing damascene material (320) over the substrate.
8. The method of claim 7, wherein the forming a gate includes:
25

etching the damascene material (320) to form a gate region,
forming a gate dielectric (510} on side surfaces of the fin (310}, and
depositing gate electrode material (520) to at least partially fill the gate region.
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wherein etching the fin (310) to thin the wdth of the
fin (310) conprises at |east one of: using a fluorine
(F) plasma process to etch the fin (310), or using a
hydrogen brom de (HBr) based plasna chem stry to etch
the fin (310) 15 and wherein the etching the fin

(310) includes: renoving approxi mately 100A to 200A

per side fromthe width of the fin (310); fornming a

gat egovera b, )

(610-630) to th g Ed?%&%% ey "gﬁgdogf%g‘gﬂa?%“g‘ i ?E’%(z?% gomprising;
drain redP@Hug 2 fig (¥10) trmesubenra*qw«horremnarmﬁpmwhem BdvA 2 height
the § n pos .t

damoe W@?@?@ﬁ“iﬁ%%%&?}% 2 s HED AT A st 5004 o
met h&Ugi08) ai m 7, wherein the forn1ng a gate

g ncl udes:formdm, LLERITD &pﬁﬁg%gglcene material (320) to
fonn a gate region, ? a gate di el ectric (510)

on side sishingdeesnisk (?z?ﬁétoqunos(:am@nneiama (331)epb$e MOB}ET (200);
gate ele

fill t heq’%‘g’?gge trhg%cgﬁb% REE) gt 2‘8 kg tinning
fi eltde efdtieef the lﬁarﬁéﬁ%t:@npr(SFs ﬁt@ﬁl‘@)thc{ ﬂﬁ)@i)l()) mrg)arh)s!rdggn bromide
for wher

o e, e el tenhy A g WASLEE UL Bt VbRt i ' o
aboutclydse oomncying appuixatately a@fg& rRODAgrer alde tlomABO AidtiD of the fin
aboyt (3004 5 form ng a mask (320) on the substrate;
etching the mask (320) to expose a channel area (330)

of the MUSEEE y 2E0)ver theHinn@i Bgtht lete wiidhdingodn dabie sifié Bf the fin
(31Q3H»n the channel area (330), wherein thinning the
wi dth of the fin (310) conprises etching the fin (310)
usi ng a hydrogen bromide (HBr) based plasnma chem stry
and wherein the thinning the wwdth of the fin (310) 10

i ncl udes renovi ng approxi mately 100A to 200A per side
fromthe width of the fin (310); and form ng a gate
over the fin (310), the gate extending on each side of
the fin (310). :
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